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Abstract 
    As urea is an index material of the hemodialysis efficiency in hemodialysis therapy, we propose a compact and 
accurate urea sensor based on chemiluminescence (CL) emitted by the reaction of urea with a hypobromite solution. 
We designed a new micro-reactor comprised of seven micro-cells based on the investigation of the CL reaction 
process and fluid dynamical considerations. The sensor has (1) high accuracy of 4%, (2) short response time of 1s, (3) 
linear characteristics for urea concentration between 1 to 16 mM, (4) no interference by uric acid, creatinine, 
ammonia, and (5) long-life 
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1. Introduction 
End-stage patients with renal function impaired should purify their blood containing materials that 
cause uremia by means of hemodialysis therapy. As the efficiency of the dialysis will affect their life, an 
accurate sensor monitoring of the urea concentration in spent dialysate during the hemodialysis therapy is 
necessary.  
We have previously reported a chemiluminescence(CL) based urea sensor using the reaction of the 
urea with sodium hypobromite (NaBrO) produced by the electrolysys of sodium bromide [1]. The CL-
based sensor showed good correlation with conventional enzyme colorimetric method, and the correlation 
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coefficient of the measured urea concentrations are 0.93.  However it was hard to build in a hemodialysis 
equipment because a mechanical mixing system of the CL reactor was required to maintain the accuracy 
of 5.1%. We studied the process of the chemiluminescent reaction and developed a compact and accurate 
urea sensor using a micro-reactor.  
2. Chemiluminescent reaction of the urea with  hypobromite  
Hu et al. have reported that CL is emitted in a course of reaction process of urea with hypobromite [2]. 
They have assumed the following chemiluminescence reaction tentatively, but the details were unknown.  
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At first, we made a syringe-pump type reaction container with a capacity of 1 ml with an optical 
detector mounted for the investigation of the reaction process. After the sample solution containing 5 mM 
urea was introduced into the reaction container, the reagent solution containing 0.5 M NaBrO and 0.2 M 
NaOH was introduced through a narrow opening 1 mm in diameter at a rate of 1 ml/s moving the plunger. 
Because of a turbulent flow due to the jet-flow of reagent solution of ca. 1.3 m/s in flow-velocity, the 
sample solution was roughly mixed with reagent, and the chemiluminescence (CL) was clearly observed. 
The response of the CL showed a sharp emission peek, and the decay time was ca. 50 ms. 
As the luminescent species was suggested as excited nitrogen [1], the relationship of the total CL and 
amount of evolved nitrogen gas was investigated as functions of pH, NaBrO and urea concentrations 
using the same reactor. As a result, the amount of CL emission was not proportional to the amount of the 
evolved nitrogen. This implies an existence of a competing reaction process of urea with NaBrO without 
CL-emission, except for the reaction shown in Eq.(1).  
As described above, the short lifetime of the CL and the existence of a competing reaction may be 
causes of poor reproducibility of the CL in normal reaction container. We found that reproducible CL 
emission was observed when sample solution and reagent solution were mixed violently using the 
syringe-pump type batch-reactor, so that we designed a compact micro-reactor mixing solutions by a 
turbulent flow for measuring CL. 
3. Experimental 
Figure 1 shows a schematic illustration of the urea sensor with a micro-reactor. Seven cylindrical 
micro-cells (3 mm in inner diameter and 3 mm in depth) are connected by narrow orifices (1 mm in inner 
diameter) as sown in the top view of the reactor. Sample and reagent solutions are injected into the reactor 
unit at a constant flow rate using two pumps. Similar to the syringe-pump type reaction container, these 
solutions flow into each micro cell from a narrow orifice as a jet flow, and are violently mixed with each 
other. A glass window is attached on the reactor, and emitted CL from the cells is measured through the 
window using a photomultiplier module (Hamamatsu H10722). 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Schematic illustration of CL-based urea sensor 
using a micro-reactor comprised of micro-cells. 
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4. Results and discussion 
Figure 2 (a) shows the response of the CL-intensity measured using a urea-sensor with the micro- 
reactor at various flow-rates. The flow-rate of the sample solution QS was kept constant and the reagent 
solution of flow-rate QR (= QS) was injected intermittently. The response time of CL is less than 1s after 
injection of  the reagent solution. The total flow-rates QT (= QS + QR) are written in the Figure. The flow- 
(a)                                                                               (b) 
Fig. 2(a) Typical response of CL; and (b) flow-rate dependence of CL-intensity for the urea sensor. 
rate dependence of the average CL intensity in Fig. 2(a) is plotted in Fig. 2(b), and the standard deviations 
of the CL intensity are shown by error-bars. The CL intensity decreases abruptly and the discrepancy in 
CL intensity increases with decreases in the flow rate. As the flow-v f the jet-flow is 64 cm/s at 
 due to the 
turbulent flow in the micro-cells. In fact, stable and intense CL is observed under this condition, but the 
detail mechanism of such characteristics is unknown.  
The CL intensity from single micro-cell was measured using a pin-hole filter covered on a cell to 
investigate the behavior of the CL reaction at each cell. The CL-intensity shows a maximum at the 3rd 
cell, and is almost diminished at the 7th cell with a flow rate of 30 ml/min as shown in Fig. 3. This 
implies that the maximum mixing efficiency of the sample and the reagent solutions will be established at 
the 3rd cell, and almost all of the urea in sample solution injected into the reaction container will be 
consumed to emit CL until reaching the 7th cell. Thus, the urea concentration dependence of the CL-
intensity was measure under this condition. The CL-intensity is proportional to the urea concentration in a 
range between 1 to 16 mM as shown in Fig. 4(b). The Typical responses of CL-intensity are shown in Fig.  
elocity o
the total flow-rate of 30 ml/min, the sample and the reagent solutions will be mixed violently
Fig. 3 CL-intensity from each micro-cell of the urea sensor. 
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(a)                                                                                 (b) 
Fig. 4 (a) Typical response of CL; and (b) urea concentration dependence of CL-intensity for the urea sensor 
4(a). Each CL-intensity shows good reproducibility. CL was not observed  for uric acid, creatinime, and 
anmonia of 9mM. 
Figure 5 shows the output of the urea sensor measuring urea in spent dialysate during purification of 
aqueous solution containing urea using a dialyzer. The output of the urea sensor (Ɣ) decreases with 
decreases in the urea concentration in spent dialysate and is consistent with the plots (Δ) obtained based 
on the conventional enzyme colorimetric method (the urease-indophenol method).  
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